The end of Hellenistic experiment and observation When Galen died at the end of the second century, anatomical and physiological research died with him. We are effectively in the dark ages at once, for the continued, if precarious, political stability of the Roman Empire was no substitute for the loss of vigour of the Greek intellectual tradition. Galen's works survived, were commented upon and summarised, but no new inquiry was undertaken. When Galen visited Rome, it was as far west as anatomy and physiology came: Pergamon, Alexandria, and Ephesus were the inheritors of an intellectual climate that sustained anatomy in any form other than that employed by the surgeons of the legions. No more than a vestige of the old knowledge remained in the West.
The two surviving anatomical and physiological traditions, East and West, differed not only in the extent of knowledge they contained but in its nature. In the West the Romans were surprisingly old-fashioned in their medical knowledge, and never really understood what had been going on in Alexandria, or the extent to which Galen was the summation of the Hellenistic tradition. Galen's predecessors in Rome refer back to Hippocrates, not Herophilus, and his own successors seem to have ignored him. The Roman writer Celsus,1 compiling an encyclopaedia of useful knowledge of which medicine was but a part, gave a brief account of the dissections and vivisections of the Alexandrians in his introduction, but the bulk of his De Medicina depends upon a Greek source that antedates Alexandrian experimentalism. Cicero2 seems to have been entirely ignorant of the Alexandrian discoveries, and he depended instead on fragments of Aristotle and the Hippocratic writings.
Of course, it was not Cicero's business to know about the inside of the human body, although we might expect him to have been aware, as an educated man, of cultural advances now three or four centuries old. However, we find that even physicians and surgeons did not give the Alexandrians the importance that historical hindsight attributes to them, nor did they recognise Galen as authoritative as Galen's and later ages believed him to be. To a certain extent this is true of the East as of the West: Aretaeus of Cappadocia in Asia Minor was contemporary with, or slightly later than Galen, but does not mention him. Fragments of anatomy and physiology that can be gleaned from his surviving works on the signs and causes of acute and chronic diseases3 come from a variety of sources, some of them purely traditional. Indeed, in Aretaeus we see more clearly than in Galen's synthetic physiology a distinction between traditional, literary anatomy, and that derived practically, from dissection and observation of wounds.
From traditional anatomy comes Aretaeus's notion that the heart is the seat of the soul and that the head is the location of the senses. This preserves the ancient distinction between thymos and psyche, which we have met before, and which in Aretaeus's writings seems to ignore Galen's closely argued physiology. Aretaeus also describes a traditional origin of the vena cava in a liver composed of extravasated blood and paralleled by its analogue the spleen. The vessels of these two organs are described in terms that recall the ancient descriptions of the two fundamental vessels of the body, and his description of the nerves embodies the old confusion between muscular and nervous fibres, both called neura.
No one following the authority of Galen would have retained such an ambiguity or allowed the heart such a dominant position. Yet Aretaeus was aware of the work of the Alexandrians, and the hints given in his work of his knowledge of anatomy and physiology suggest that in some respects it may have been greater than that of Galen The ancient terminological confusion of nervus survives in Lactantius, who says that nerves bind the bones together. This is another of those questions that would have been settled had Galen's works been known. 'Vein' is also used as a general term, and the veins pour blood and humours into the body from the heart, the fount of living blood. Because of the religious significance of the soul much attention is given to its anatomical location. Wisdom appears to be located in the heart, perhaps on Biblical authority, but after reviewing the opinions of several Greek authors, Lactantius suggests that the soul is located in the brain, but moves to the chest in periods of abstraction or concentration, when we no longer notice things about us. Apart from these opinions of the Greeks, Lactantius's sources are mostly Latin. Varro is the most frequently cited, with constant reference also to Cicero and the De Natura Deorum. What became the medieval formula homo constat ex corpore et anima, 'man is compounded of body and soul', is employed by Lactantius, and it was the thought that the body was the means whereby the soul's action may be known that brief accounts of body structure were kept alive in the middle ages.
An ever-decreasing stock of anatomical ideas and information was maintained by the encyclopaedists. Such a writer was Isidore of Seville, whose Libri Diflerentiarum dates from about 600. It discusses the nature of the body, as did the better known Origines or Etymologiae of some thirty years later.9 Although the two accounts did not agree in all respects, Isidore was taken as the basis of many later accounts of the structure of the body, from the seventh to the twelfth centuries.
The first chapter of the eleventh book of the Etymologiae, on man, is little more than a collection of glosses. The anatomical terminology is less technical than that of other subjects and is drawn from literary sources. Like Lactantius, Isidore depends on Varro for many of his etymological derivations, and while Varro drew from earlier Greek writers, Isidore knew no Greek. The purpose of Isidore's work was to provide an understanding of medical literature for those fortunate enough to count medicine among the subjects of their general education; in the early middle ages, as in Rome, the medical craftsman learnt his trade by apprenticeship, the master physicians by formal grounding in the GrecoRoman literature, and the well-educated lay and clerical readers, not being practitioners, from the literature with the aid of guides like Isidore. By the sixth century the study of compendia of classical medicine was an established part of monastic routine, and the Christian duty of the care of the sick provided a small channel for the survival of a medical tradition and texts.
The anatomical content of Isidore's work is a sad reflection of the general state of knowledge at the time. Veins and arteries are not clearly distinguished, and the term 'arteria' is used for the cavities of the heart, of which the right is said to contain more spirit, and the left more blood. The pericardial area is said to be the seat of cogitation, although the nerves (not clearly distinguished from 'sinews') are correctly said to arise from the brain. The old idea that the spleen is the homologue of the liver makes its appearance again.
Anatomical illustration in the middle ages
Besides the transmission of anatomical and physiological ideas from the classical period in the writing of the authors mentioned in the previous section, there seems to have been little other activity in the field we are considering. In particular we have little information on what was taught of practical and theoretical anatomy. There are seventh-century manuscripts of Oribasius in Paris'0 and some Galen and Soranus had been translated in the previous century. There were public lectures in Ravenna in the eighth century, and Salerno came into prominence a little later. Monastic schools, significant as repositories of manuscripts, came into existence in the sixth century. Alexandria remained a centre of work for many centuries, and her scholars collected and commented on the ancient works of science. Anatomy was doubly fortunate in this, for Alexandria had been the location of much practical anatomy and of the first anatomical 'revolution'. Both in the pre-Christian centuries and, despite the destruction of the library, for several centuries in the Christian era, Alexandria was the source to which we can trace back widely spread traditions of medical and anatomical knowledge. Greek medicine was taught in Alexandria up to the eighth century and a new attitude of scholasticism was developed."
One of the most interesting pieces of evidence we have of the survival of the teaching of Greek medicine is a family of manuscripts illustrated with anatomical drawings belonging to a very old tradition. The five anatomical figures of the drawings have given the group the name of the 'five figure series', and they are said by Sudhoff The illustrations are of great interest.14 Few of the great anatomical works of antiquity were illustrated, and nor were those of the Arabs. Galen advised against the representation of flowers by drawing, perhaps because he realised that frequent copying quickly debases the original. The unusual circumstance that the five figure series texts were illustrated may again suggest that they had a practical origin in a medical school. The traditional five figures show the systems of the body: there is characteristically a 'bone man' and 'vein man', and similar pictures of the arteries, nerves, and muscles. Each thus depicts one of the 'similar' parts of the body. We can recall that the similar parts were the very elements of the body. Aristotle began the Historia Animalium with a discussion of the similar parts, and Galen introduced beginners to anatomy by means of his short anatomical books on the five basic similar parts as they were built up into systems in the body. These five systems are illustrated by the figures of the five figure series. We shall see below that anatomical education for a long time after Galen consisted in compressing his works into an ever decreasing compass, and it was natural that teachers should seize upon Galen's own summaries of his great anatomical works, rather than use those large treatises themselves. It became customary in anatomical teaching to begin with the similar parts, as they, consisting of the elements and qualities, at once linked up with the wider world of natural science and philosophy and became a convenient beginning for a theoretical, synthetic, mode of teaching that went from the similar parts to the organs and systems. Galen's five short anatomical books thus stand at the head of pedagogical tradition that may also be reflected in the five figure series.
Although drawings degenerate quicker than words in the process of repeated copying by a scribe who is literate but not necessarily a gifted draughtsman, there is still a family likeness between the extant manuscript drawings. In some cases the degeneration of the figures has meant that the organs they are supposed to exhibit are unidentifiable, such as the muscles of the muscle men. The most notable common feature of the series is the 'squatting' posture. In all cases the knees are bent out, and it has been suggested that this represents the position of the body laid out on the dissection table with the legs apart to give access to the genital organs and the inside of the thighs. One very curious feature that is in agreement with this idea is that some of the bone men and the nerve men appear to have heads in an inverted position. Is this not also the result of placing the body on the dissection table, but on its ventral surface with the chin extended forwards? That is, the dissection to expose the nerves is best tackled from the dorsal surface, as is that for the bones and particularly the vertebrae of the spine, regarded as the centre of the osseous 'system'. If a cadaver in this position were drawn perpendicularly on the page, the chin would be uppermost, and the mouth, nose, and eyes below it, as we see in the five figure series illustrations. In contrast, the vessels and muscles are dissected from the ventral surface, and the body is laid on its back.
A curious feature of the illustrations is a series of concentric circles in the position of the heart in the vein-man (Fig. 1) . It was taken by Sudhoff to represent the vital centre, but we should expect such a representation to be in the artery-man (Fig. 2) , for it was the arteries that arose from the heart, a vital centre. Perhaps these circles are a very corrupt representation of the diaphragm'5 Fig. 2 Artery-man from Ashmole 399 illustrates Fig. 1 Vein-man from Ashmole 399 in Bodleian respiratory system: air enters mouth and is Library illustrates nutritive system of debased Galenic transmitted down trachea into lungs, which grasp physiology of early middle ages: oesophagus, stomach, heart closely. Spirit derived from air is passed from and intestines carry food into body and convert it heart to arteries, which arise at 'black grain' within into chyle, which is in turn changed into blood in heart. Representation of branching of arteries has liver and distributed throughout body in veins as become so corrupt in repeated copying that arteries food. Heart Galenic physiology in which venous blood is turned into arterial in the heart. There is sometimes confusion over which side of the heart gives rise to the arteries, and some manuscripts elaborate the point by saying that the source of the arteries is a mysterious 'black grain' inside the heart, 'where the spirit lives and from where arises a great vein that goes in two parts, left and right'.16 O'Neill7 thinks that the Galenic content of the text derives from an unrecognised medieval translation of Galen's book on the opinions of Plato and Hippocrates, in which he is at pains to show the cardiac origin of the arteries. Galen also uses the analogy of a seed placed in the heart as the origin of the arterial 'tree', and this may be the origin of the 'black grain' of the medieval texts. A branch of the artery arising from the heart forms a network over the brain, guarding and governing it; this network, the anaphusa, is generally illustrated in the accompanying drawing and probably represents the rete mirabile of Galenic physiology. It is probably a vestige of the ancient distinction between the nutritive and respiratory blood vessels of the fundamental pair that the vein-man of the five figure series illustrates the intestines, liver (and its analogue the spleen), and veins, while the second illustration contains the trachea, lungs, heart, and arteries in place of the intestines and veins. Do we see bubbles of air in the trachea of the Ashmole artery man?
Apparently related to the five figure series is a tradition of single-organ sketches (Fig. 3) body and its organs are on the left of the dissector. Again, this is a hint that in the distant past these were drawings of an actual dissection. Below the stomach in the Roncioni manuscript we see a figure of the heart, with blood vessels arising from it. The branches of the vessels have degenerated into the appearance of feathers, reminiscent of the branching vessels and nerves of the five figure series. Perhaps the auricles of the heart are seen in the figure of the heart to the right of this. Below and to the left of the stomach is the five-lobed liver embracing the stomach, and below that is a representation of the trachea bearing the words, ' Rhazes continues with a brief description of the function of the nerves, brain, and spinal cord, together with observations that recall Galen's experimental lateral section of the cord in the thorax and the comparatively innocuous longitudinal section of the cord. The importance of such anatomy in medical practice is not lost on Rhazes, and he mentions Galen in retelling the story of the traveller who fell from his carriage and damaged several vertebrae.
In condensing Galen's anatomy into a synopsis, Rhazes naturally omits much detail 'For it is not intended to be a complete and detailed book, but a concise and compendious work'. 32 The blood vessels between the heart and lung are only mentioned, and the reader gains no clear idea of the motion of blood, air, and pneuma through them, nor of Galen's elaborate reasons for calling the pulmonary artery the arterial vein and the pulmonary vein the venous artery, questions fundamental in physiological history. Similarly, although the valves of the heart are briefly described in a Galenic manner (that is, regarding the auricles as extensions of the vessels) and they are said to allow a flow in a particular direction, they are described as 'membranes' and the looseness of the descriptions indicates the beginning of a loss of force of the concept of 'valve' that continued through the middle ages and contributed to the lack of precision in thought about the action of the heart and motion of the blood. This is further illustrated in another summary of Galen's anatomy, the De Juvamente Membrorum.
The next important Arabic medical compilation with an anatomical content after that of Rhazes was the work of his fellow Persian Ali ibn ul-'Abbas al-Majusi, known to the Latins as Haly Abbas. He flourished in the latter half of the tenth century and died in 994-5; his Liber Regius was designed to overcome the shortcomings of original Galenic writings, and earlier summaries of them. It was to cover the whole field of medicine; it was to be detailed, but not longwinded or too concise; it was not to engage in lengthy justification of an opinion in the face of criticism. Here is an explicit criticism of Galen Which, then, is the most important organ of the body? Many of the ancient philosophers, answers Avicenna, thought it was the heart, the organ that gave life and faculties to the rest of the body and which received nothing in return. On the other hand, he adds, the physicians consider that the faculties are distributed through the body and that there is no part which gives and does not receive. His own view is that although the physicians at first sight seem to have the clearer case, yet deep and subtle reflection reveals that the argument of the philosophers is the more correct. (It will be seen below that Avicenna's adoption of the Aristotelian view here leads him to accept the anatomical absurdity of a threechambered heart). His attachment to the philosophers' case stems from his conception of the relative roles of medicine and philosophy. It is not, he says, the function of the physician to demonstrate by arguments which of these opinions is true. It is not the concern of his practice or of his research, for it does not matter to him, medically, whether the heart acts through the brain as the source of the psychic functions and through the liver as the source of the nutritive faculty, or whether the brain and liver act independently, for in all cases the effect is the same for the practical physician.
In suggesting that the heart acts through the brain as the origin of the psychic faculties, Avicenna is anticipating or originating a device that came into full flower in the later middle ages in similar circumstances; that is, the reconciliation of Galenic and Aristotelian positions. It was then common to say that the heart was (as Aristotle had said) the true source of the nerves, but nevertheless the immaterial source of the nerves, which were seated radicaliter in the heart and took merely their physical origins in the brain.
In dealing with the anatomy of the heart, Avicenna observes that it has three cavities, two large and a central small cavity. In the latter is preserved a supply of nourishment for the heart, and like the heart's own substance, it is thick and strong. With the other evidence we Moreover, when we turn to Avicenna's treatise on animals, much of which is taken expressly from Aristotle, we have an ambiguous account of the heart. At first Avicenna gives a Galenic account of the structure of the heart, with the three kinds of fibres, longitudinal, circular, and transverse, for the three faculties of attraction, retention, and expulsion. Then the description of the three ventricles follows as in the Canon, and this in turn is followed by a Galenic account of the vessels of the lung and heart. Next comes a loose description of the valves of the heart, which cannot be Aristotelian, and in necessary relation to this, a clear reference to the two ventricles of the heart. In fact, De Natura Animalium33 is no abridgment of The most interesting Arab contribution to medicine was the announcement, afterwards forgotten, of the pulmonary circulation, which has received much attention from historians of medicine. Although its author, Ibn al-Nafis, died in Cairo in 1288 and thus lived after the revival of medicine in the West, he is best considered in the context of earlier medieval Arabic medicine.
It was in commenting on Avicenna' s Canon that Ibn al-Nafis observed that while the blood must get from the right to the left ventricle of the heart, yet 'between these two there exists no passage. For the substance of the heart is solid, and there exists neither a visible passage, as some writers have thought, nor an invisible passage which will permit the flow of blood, as Galen believed'.35 'Some writers' clearly refers to Avicenna and Haly Abbas.
The necessary conclusion of denying a passage through the interventricular septum of the heart, while still accepting the remainder of Galen's physiology, was that blood moved from the right ventricle through the lungs into the left; in other words the pulmonary circulation. What was the origin of Ibn al-Nafis's anatomical observation of the impenetrability of the septum? He himself said that he had no first hand knowledge:. the veto of the religious law and the sentiments of charity innate in ourselves alike prevent us from practising dissection. This is why we are willing to be limited to basing our knowledge of the internal organs on the sayings of those who have gone before us'.36 However, he disagreed with Avicenna not only over the penetrability of the septum, but over the existence of a third ventricle. His admiration is reserved for Galen,37 whose mistakes he does not emphasise beyond pointing out the absence of septal pores. Ibn al-Nafis must have had in his library an anatomical work that he respected, if he was to prefer its opinions to those of Galen, Aristotle, and Avicenna. It must also have been detailed, if it dealt with the nature of the septum, which Ibn al-Nafis says is 'thicker than the other parts'. What 'sayings of those who have gone before us' could answer this description? A possibility is the Hippocratic De corde (On the Heart), in which as we have seen the blood is said to be prevented from reaching the left ventricle, the seat of the mind. Certainly the author of this work did not envisage pores in the septum. On the same theme Ibn al-Nafis says that the right ventricle contains blood, but that the left contains spirit, which blood from the right ventricle is prevented from reaching for fear of damage. Only the very finest, almost spiritualised blood reaches the left side of the heart through the lungs.
In modifying Galen's anatomy, Ibn al-Nafis is able to proceed almost undisturbed in Galenic physiology. He 
